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The accompanying sketch shows the section of country
traversed by the tornado. (See fig. 1.)

Fig. 1.—Track of tornado in eastern Alabama, March 20, 1905.

STUDIES ON THE DIURNAIL PERIODS IN THE LOWER
~ STRATA OF THE ATMOSPHERE.

II.—THE DIURNAL PERIODS OF THE BAROMETRIC PRESSURE.
By Prof. FRANK HauaR BiGELow.
THE STATUS OF THE PROBLEM OF DIURNAL PRESSURE.

The physical relations between the waves of temperature
and pressure in the lower strata of the atmosphere, together
with their influence upon the electrical and the magnetical
fields in the air, have formed subjects of comnstant investiga-
tion during the past forty years, but, unfortunately, without
any satisfactory results. In my International Cloud Report,
‘Weather Bureau, 1898, chapter 9, some account of the problem
was given, and an attempt was made to throw some additional
light upon the subject. The principal point brought out was
the fact that there is a very close connection between the vari-
ation of the pressure and the magnetic fields over the earth,
although I was unable to show what the physical process is
which unites them. The papers of this series are supplemen-
tary to that investigation, and they show that two important
elements have been lacking in the terms of the problem; name-
ly, the variation of the temperature with the height, and the
existence of streams of ions or free charges of electricity in the
lower atmosphere. Without them it was not possible to ex-
plain the connection between the several types of observed
phenomena.

There have been in general two lines of attack upon the
problem of the coexistence of the single, the double, and the
triple barometric waves, as determined by the harmonic com-
ponents: First, that they are due directly to an effect of the
temperature upon the pressure by a change in the density of
the lower strata of air; and second, that a dynamic-forced
wave is generated chiefly by solar radiation acting in the upper
gtrata of the atmosphere. However, it has not been possible
to associate the surface-temperature wave with the semidiurnal
and the tridiurnal waves of pressure, because it has been
assumed that the surface-temperature wave extends with the
same periodic phase into the lower strata. We have shown
in the preceding paper that this is not the case, and that there
is now sufficient reason for reopening the problem at this
place. Regarding the solution by a dynamiec-forced wave, it
has become more evident' from the studies of the absorption
of the solar radiation, by means of the bolometer and the ac-
tinometer, that the solar energy can not build up temperature
and dynamic waves in the upper strata, because the solar radi-
ation is of such short wave lengths as to traverse the earth’s
atmosphere without general absorption. The outgoing radia-
tion of much longer wave lengths from the earth’s surface
does, however, suffer absorption, so that such dynamic effects
must belong to the lower, rather than to the higher, strata of

" 1See Monthly Weather Revievs}, December 1905, ﬁ?gs. 3 and 4.
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the atmosphere. Further studies have been made by the
Austrian meteorologists, Margules, Hann, and Trabert, in a
series of interesting papers?, since the year 1898.

It may be remarked that these discussions are confined to
an account of the double period, apart from its natural com-
bination with the single and triple periods. Suitable periodic
variations of the coeflicients, in latitude and longitude, were
not to be found in the observations at the surface stations,
nor at the mountain stations, and there was no data derived
from the free air levels. Contact with the ground at low levels,
or at high elevations, seems to have destroyed the actual
temperature waves found in the free air at 400 meters and up-
ward. It will, no doubt, now be possible to adapt these admir-
able mathematical studies of the I'ourier series, as modified by
the deflecting force of the earth’s rotation and by friction, to
the new temperature data pertaining to the strata up to 3000
meters elevation in the free air.

In order to place before the reader a brief summary of the
facts of the barometric pressure waves which are to be ex-
plained, the following extract is quoted from my Cloud Report,
pages 458, 459,

Apalyzing the observed barometric pressure by the harmonic series,
A B=aqsin (4, + z)+ a, sin (4, 4 2&) + a, sin (A, 4 3x), and discus-
sing the constant in respect to the observations, it is noted:

1. The normal value of the amplitude of the single daily oscillation «,
is contained within the limits 0.00 and 0.50 mm. It isone-fourth to one-
half the amount of a,; its range is wide, being two or three times the
normal value; it is very different at neighboring stations, and on the
same parallel of latitude; it has greater amplitudes in mountain valleys,
but smaller on the seacoast and in higher latitudes; it shows a reversal
ot phase in the polar regions, also above a certain neutral plane at a
given elevation from the ground, produced by interference with the ther-
mic wave; it has a yearly period, with maxima in June in higher lati-
tudes, and in March and September on the equator.

2. The normal value of the phase A, is near (1°, where = is counted
from midnight, and is the hour angle; it varies widely, from 277° to 55°,
«, and A must have a general and a local cause. The general cause
varies with the latitude and also in the year; the local cause varies with
the minor convection currents, and depends upon all the meteorological
features which tend to produce loecal convection.

3. The anplitude of the double daily wave, «,, is the principal term,
and covers the limits 0.00 to 1,00 mm, of pressure. Its range s very
narrow; it decreages regularly with the height proportionally to the

Pressure it i very constant over the entire earth up to latitude

760
559; it varies with the latitude by a formula which requires an inversion
of phase in the pelar regions; it has a distinct variation with the year,
but exhibits the tollowing peculiarity, nainely, that while the maximum
insgolation is in January at perihelion, the maximum of the semidiurnal
wave is at the equinoxes in March and September; also the fact is
remarkable that the sun in one hemisphere does not change the ampli-
tude of the wave in the other hemisphere; it combines with the single
“thermic ™ wave, but it is not controlled by it to any appreciable extent;
it is smaller on seacoasts, islands, and on mountain tops, and is dimin-
ished a little by land and sea breezes; it is very large in mountain
valleys.

1. The normal value of the phase of the double diurnal wave 4, is
1552, corresponding to 90 50 a. nu; its range is very small, 148° to 163°;
it diminishes a little with the height, is retarded to 1452 in higher lati-
tudes, varies a little with the year, though in an opposite sense in the
two hemispheres, and it is very independent of local meteorological
influences.

5. The amplitude of the triple diurnal wave, a,, is a very small quan-
tity, being generally less than 0.10 mny. pressure. It diminishes a little
with the latitude; its yearly period is very marked, and has maxima in
winter and suminer in hoth hemispheres, with minima at the equinoxes;
its maximum ig, however, in June, when the earth crosses the sun’s
equator, and not in July, when the heat is greatest in the Northern
Hemisphere,

6. The phase of the triple daily period, 4., has a normal value of 3559,
with very small range, and with a small but very well marked yearly
period.

tUeber die tigliche Drehung der mittleren Windrichtung und {iber
eine Oscillation der Luftmassen von halbtiigiger Periode auf Berggipfeln
von 2 bis 4 km. Seehohe. J. Hann. Wien. 1902.

Same in Meteorologische Zeitschrift. Oktober, November, 1903.

Die Theorie der tiglichen Luftdruckschwankung von Margules und
die tiigliche Oscillation der Luftmassen. W. 'Trabert. Met. Zeit. No-
vember, December, 1903.




TABLE 1.—Diurnal, semidiurnal, and tridiurnal pressure waves observed at
the surface. Unit = 0.001 inch mercury.
o January. February. March, April.
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glae|r | nufas| L [ funfas] oo [ un)as
12a 0 —1 +1 + 1y — 1 + 3 + 3 — 1 + 4 + 4
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12p0 + 2 +1] +1 4 4 0 + 4 1
1] —15 — 1| — 9 — 9 — 4/ —5 0
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2 | —11 — 2| — 9 — 7 —2 -8
3 | =20 — 7| —14 —16| — 6 +
4 | —25| —10| —15 -22| — 9 1
35 —26I —15| —11 —25 —14 —14; —12
6 —22‘ —15] — 6 251 —17 —16; — 71 —1
7 | —17] —18; + 3§ —19] 18 —18 + 1} -1
8 | — 8| —17] +10 —1i| —17 —17| + 7
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| LS A P
September, October, November.
a 0—4'4—5 ol—-3 01 0 0}—1‘—;1
1§—2 o —3 —3 4 2 43 —a 43— 5
2 | — 5 + 4| —10 — 3 + 6 + 4 — 4| + 3 —14] -7
3| — 6 + 8 --15 — 5 +10 + 7 — 5| + 6] —15 -4
4 | — 3 414 —17 — 2 13 -9 — 5 4 9 1y -2
58+ 4415 -1 + 4, 418 412 ~a 0 — 70 —5
6 | +13| +17 — 4 4-12, +17 -+15, - 4 +11 — 1| —8
70+ 417+ 4 421 +17 +11 V12| 4 9o 6] —3
8 -+18] - +-28, +16 +11] - 421 + @ 411 41
9 +31| +13| + 9 |20 + 8 416 -5
10 200 11 +7 80l + 8| 117 47
11 419 4 8 + 3 117) 4 3] 410 44
12y - 6| + 3 —1 —2 4+ 1 —1] -2
1 —10 — 1 — 2 —17] — 2 —IL“ —5
2 —21| — §| —3 —24 — 4 14 —h
3 —27 — 9 — 8 —24 — 6| —15 —3
4 —28| —13 —18 — 7| —12| 41
5 —23) —15, —11 — 9 — 7 43
[ — 171 —186 — 5 -1l —1 7
7 —10] —17, — 1‘ —I1| + 6] +4
8 — 4| —15 4 1, — N 411‘ —2
9 0] —14 +1 — 8 +18 —5
10 -+ 2] —12 + & — 5l +17] —6
11 + 1l =7 + 3 — 8 1100 -8
12 0 — 3 0‘ O — 1 41

THE DIURNAL, SEMIDIURNAL, AND TRIDIURNAL PRESSURE WAVES COM-
PUTED FROM THE SURFACE OBSERVATIONS.

We can obtain the three component pressure waves from
the Weather Bureau observations by employing the data con-
tained in Mr. P. C. Day’s paper, prepared by direction of
Brig. Gen. A. W. Greely, “Diurnal Fluctuations of Atmos-
pheric Pressure at twenty-nine selected stations in the United
States, Washington, 1891.” The tables give the local hourly
corrections to the daily mean pressure; hence by changing the
signs, we obtain JB, the variations of the pressure for each

MONTHLY WEATHER REVIEW.

Marca, 1905

hour, which are to be resolved into three harmonic components
by the Fourier series. Five stations were selected which are
naturally comparable with Blue Hill, being located at short
distances above sea level, Boston, New York, Washington, Buf-
falo, and Cleveland. The mean variation at each hour was com-
puted for these stations, and it appears in the column of the
Table 1 marked 4B, for each month of the year. In order
that it might be learned whether the continental plateau sta-
tions produce the same results, the following stations, Bis-
marck, St. Louis, Dodge, Denver, and Salt Lake City, were
computed in the same manner throughout the year. Since no

TABLE 2.—Diurnal, semidivrnal, and tridiurnal temperature waves, on three

planes. Unit =1 degyree Fahrenheit.
JANTUARY.
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TABLE 2.— Diurnal, semidiurnal, and tridiurnal temperature waves—Cont’d.
OCTOBER.
. 195 meters, | 400 meters, 1000 meters. Sums.
=
= IL ’III. oL} o mn
J+1 ‘ —0.8 0.0 . . | .24+ L
42 . 6—0,6'—1.2/1 0.9 . . F+ L
I L9l —p 74 410 L4l 8 0 9+ 1
. . . 7|—1.2040.1 . . L1+ 2
. . . 7l—1.2 —0, . . N S
3 3 , 6 —0.1|+0. 1 . . A+ 1.
3+ . 3/—0. 4/+0.7) 0. . . .o+ 1.
J+2 .0|—0.3|+1.4—0. . . .o+ 1.
JH1L L7 0.0+1.7( 0. . . . A 0
0. -7|~0.1/41. 6+ 0. . . . 0.
—1. . 8(-+0. 2‘+0. 9‘ +0. . 5 ¢ 0.
3. . 540, 6:—0. 2/ +0. R X . 0.
44 . 8/+0.7]—0.8 —0. 2—0.8 100 1.
4. . 740, 4—1. 21 40, . . . 1.
J—4 .8/ +0.6/— 1.4 0. .2—0.8 0. 1.
J-+ .6 40, 7|—1.2] 0. L1—0.8/ 0. 1.
J-3 .3 40.9—1.2 0.0040.9/-10.7] 0.0|4+0.4— 1.
e -5+0,4—0. 1) +0. .2/ +0.614-0. 33— 2.
J-1. .1 40.2/-+0. 7 0. . 0 4-0. 9| 40, 2
Iy .7 40,241 4/ +0. 1§40 .3 +1. 1/ 4-0. 1.
+0. L7 40,2 4+1.7—0.2|+0 L 6] +1. 21 +0. 0.
+1. .5—0.2/+1.6/+0. }+0 L1/ 41.0/+0. 0.
+1. .5—0.4/-4-0.9  0.04—0 .21+0.3 0.of 0.
g+ . 80.5—0.2—0. 11—1. 8§ —1.4]—0. 4 0.0+ 0.
+1, .3‘——0.51—-0.8\ 0. .5 LA+ 1. ]
! J | !
NOVEMRBER.
|
12 a ... H2.0142.8—1.1 91—1.1’—0.51 . 1|—0. 4 0. 1.6 .3
1o..... 2,143, 4—1.5 -6/—1.21—0. 8140, 2 0.1 —0.54u. 2.1 L0
2.0 2. 243, 6 —1. 4 .9—1.1/—0.8 " 0.0}-0.4| 0.0'—0.54-0. 2.5 .1
b SRR 2, 4)1-3.9(—1.2 '.01—1.0—0.7—0‘ L6 —0. 1 —0.4 —0. 2, 8| i
4..... H2843.3-04 .0 —0, 8|—0. 5| —0,7]—-0.7| 0.0[—0.3 —0. 2.5 .2
Bueunns H-3. 0l-+3. 6|—0. 1 .9/ 0. 6/4-0. 1| —o0, 2|—0.1|—0.5 —0, 6H- 2.9 .5
6 .. ..+3.2+2.910.5 . 7|—0. 2/-0. 8/=-0. 1 0.040.3 0. 2.7 .1
o B a2 2L 30 pool41 1o 0. 0'4-0, 6 4. 2.2 .7
8......H3.04-1.2/41.5 . 840, 3 0. 9|4-0. § 0.0+0. 84044 1.5 .3
9...... H1. 840 441.2 - 7140 6|40, 7/4-0. 0.0'4-0. 6 0. 1.0 .0
10......J0.1—0.74-0.8 0409401 0. 0.2 0.2’4—(». 0.4 .1
i...... —2. 8|—1. 6/—0. 4| . 541, 1|—0. 3 —0. 3 0,1 0.0\—0, 0.4 .7
12p .. |-442-30-11 0'4-1. 2—0. 5| — 0. 7]—0 10.1*0.4_0. 17|—2.0—1.2
Tooe..d 5. 0|—3. 0l—1. 5 . 1/-4-1. 3 —0. 8]—0. 4 0. 4 —0.5/ 0. 1.3—2.8—15
2..... }5.0—=s.4[—1.4 L8111, 0| —0. X140, 1]-0.5) " 0.0[—0.53) 0. 2. 4|—2,71—0.1
... 4.8 —3.7|—1.2 . 610, 9|—0. 7|--0. 0, 0|—0. 440, 2.8l—2.340.7
4., —4. 0| —3. 9|—0. 4 . 019, 9|—0. 540, gH-0. 2140, 1|—0. 3'4-n. 2012413
[ 1 -3.20-3.3 —0.1 0l40. 54-0. 1-40. . 840, 4| 0. 5|40, 2. 4/—0.541.0
6...... [ 2927405 o5 0,110 8 "o od+oo8 Lo, 1) Lo s o - 2074 5[40 1
Toeeen. —1.1—2.041.2 .6/ —0. 2{4-1. 1] - 0. ¢ 3 —0. 240, 61—0. If— 2. 442.9—0.7
8...... 0.0 —1.441.5 .0 —0. 214-0. 9|—0. 7 (=0 11t 80, f— 1.743.2—1.2
9...... :‘:0.6-—0.1] 1.2 . H— 0,740, 7 -0, 0. 240, 8| —0. 60— 0.6/4-2.5—1.5
10 ..... 1.240. 8 4-0. §| . 8(—1., 040, 140 [=0.1]40.2] 0.00— 0.840.9—0. 1
11...... +1.6:t(1).9‘,—0,4 .0-—1.1—0.3‘ X —0.2| 0.0 0.6/ —0.7|4-0.7
2...... 42,0 2.s|—1.1 .0_1.1—05i . 01(_0.1-04 0 +1.5—2.0( 1.3

" DECEMBER.

|

0. 0‘—0. :

128 .. JH1.2141.8 4. +2.4{

1...... in 3 -T-z. 1 . L2 440, 20,

2 ... 1.5(42.6 . 2, 4149 9110.3 0.
3., 1.943.1 . 2.2/ 41.04-0.3 0.
4., 2,3143. 3 \—0.: 2,001, 54-0. 340,
Beveues . 0143, 2 . : 1. 3|41, 1/-0. 1140,
6.ounnd +§.2 2.7 . S0.3]40.3 31_?)
Teeee B3 2421 . —1.2(—0. 2(—0. 6]—0.
9., .11-1.3 . . ~1.71-1.5/ 0.6/ —0.¢
9. . 4|40, 941. 3 4-0. : —2.0)|—1, 2}—0, 5|—1). 3
10 .1+3.0 0.940. —2.1|—1.7|—0.3{—0.

11 L8—1.0| -0.2|—0. 1 —: L0 .2l 0. -
12p . 8)—3. 4| —0. 81—0. 4 —2.1/—2.3 .oino. —
1... . & —4.9|—-1,3|—-0.¢ 2. 0] B[40, 2(4-0. 1}—
2 1| —5.3|—1.3|—0. —1.9/—2. 3[40, 3 —0. 1]
3 1|-5.2|-1.1] o, —1.7|—1. 6| +0.3]—0. 4] —
4 . 8] — 4. £ —0.8 4. —1.4|—1.4 L 3|~ F—
5 .0]—3.2| 0.040, —1.1|—0. 9l--0. 1| — 0. 2 —
6. .0 —2. 8 4-0. 6|40 : -0.5 .3 —0. —
7. .0—1. 5 +0. 6/—0. 0. 1|4 .6 0.00—
8. .0 —1. 441, 6|—0. 0.6 . 6|40, 2 —
9... . 2|—0. 91, 3|—0. 1.1 . 5|0 1|—
10 .6/ —0.2/4-0.9|—0. 1]—1. 1.64-2.0 —0.3] - 0.

11 L94-1.1]—0.2 0. 0f—1.8—2. 1.8 0,210, 44
12 .2 , 840, —1.7[—2.4 21 ul o.u|_u..

the year. The following characteristics of these waves
be noted.

Diurnal wave.—In January the amplitude, a,, is about 0.011
inch, and this increases to 0.018 in August, which seems to be
the maximum. The phase of the maximum in January is at
6-7 a. m., and that of the minimum is at 6-7 in the evening.
The morning maximum phase is, apparently, about one hour
later, 7—8 a. m. in the summer, and the evening minimum
phase is, also, one hour later, 7-8 p. m. Thus, there is a
slight advance of one hour in the times of maximum and min-
imum in passing from the cold season, with the sun in the

may
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. pressure wave as exhibited in this paper.

Maren, 1905

Southern Hemisphere, to the warm season, with the sun in the
Northern Hemisphere.

Semadiurnal were.—The two maxima oceur with remarkable
steadiness at about 10 a. m. and 10 p. m. throughout the
year, though they are a little later in the summer than in the
winter, The minima occur at 3—4 a. m. and 3—4 p. m. in the
winter, and about one hour later 4-5 a. m. and 4-5 p. . in
the summer. The ascending branch of the curve is, there-
fore, a little less inclined than the descending branch during
the winter, but in summer they are quite symmetrical. The
amplitude of the curve is about 0.018 in January and some-
what less in the summer, 0.014 in June, 0.015 in July.

Tridivrnal wave.—There is much more fluctuation in this
minor wave than in the two others just described. In Decem-
ber, January, and February the amplitude is about 0.006, with
maxima at 2 a. m., 10 a. m., 6 p. m., and minima at 6 a. m., 2
p. m., 10 p. m. On the other hand, in the summer the amypli-
tude is about one-third as great, 0.002, but the phase is reversed
so that the maxima occur at 7 a. m., 3 p. m., 11 p.m., with the
minima at 3 a. m., 11 a. m., 7 p. m. The change of phase ap-
pears to take place between March—April, August—-September,
so that the larger amplitude is developed while the sun is in
the Southern Hemisphere, and the smaller while it is in the
northern, the transition taking place at the equinoxes as the
sun crosses the equator. This is the third instance in which
an inversion phenomena has been detected in the earth’s at-
mosphere, due the orbital solar action: (1) The inversion
of the magnetic and meteorological elements as described in
nmy Bulletin No. 21; (2) the inversion or surging of the at-
mosphere as to its temperature between the Tropics and the
temperate zones, and as to its pressure between the Fastern
and the Western hemispheres, as shown in the MoxTHLY
Wearuer Review, November 1903; and (3) in the tridiurnal
‘Whatever may be
the causes of these phenomena of inversion it is evident that
the mere interference of waves of different periods can not be
the sole cause. The subject will require careful and exhaust-
ive investigation of the numerous forces operating in the com-
plex circulations of the solar and terrestrial atmospheres.

THE DIURNAL, SEMIDIURNAL, AND TRIDIURNAL TEMPERATURE WAVES
IN THE LOWER STRATA OF THE ATMOSPHERE.

An inspection of the temperature curves given in the pre-
ceding paper, MoxtaLY WEATHER REVIEW, February, 1905, makes
it evident that the temperature waves in the successive strata
of thelower atmosphere differ very much from the wave observed
at the surface. 'We may suppose that the pressure waves are
closely connected with the temperature variations in the lower
strata, and that the changes in the density produced by the
variations in temperature become converted into pressure
changes in part by thermodynamic processes. The subject is,
of course, complex, and its final solution will require more de-
tailed examination than it has been possible to make at this
time. I have decided to execute a rough sort of integration
of the entire temperature effect, by computing the components
for the curves deduced on the planes at 195, 400, and 1000
meters elevation. The agreement between this result and the
actual one existing in the atmosphere from the surface to 3400
meters can be only approximate, but the outcome gerves to
indicate that the temperature waves in the free air are the di-
rect cause of the pressure waves as a density rather than as a
dynamic effect. The temperatures on these three planes were
scaled from the diagrams, each one was separated into its I,
IL, ITT components, and then the sums for each type on these
three planes were computed. The details of this work are
given in Table 2, since they are of general interest, and the
second section of the diagrams under each month in figs. 26-37
gives the corresponding temperature curves. I repeat the
statement, that for convenient comparison of the temperature
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waves with the pressure waves the numerical signs have been
reversed throughout the temperature computation.

Diurnal wave—These temperature waves have been con-
structed without using the surface temperatures, and this im-
plies that the temperatures in the several strata are chiefly
concerned in generating the pressure waves that are observed
at the respective elevations. Of course some additional influ-
ence must be expected to work in from the adjacent strata
not here reckoned in the integration, and therefore the results
here discussed do not exhaust the entire scope of the avail-
able sources of inquiry. A close approximation to a parallel-
ism between the pressure and the temperature systems is

certainly indicated. In January, February, and March the
diurnal curves of temperature and pressure are in close agree-
ment as to amplitude and phase, and reversing the sign of J T,
we obtain the relation,

— 4° AT « + 0.010 4B, or — 1° F 4+ « 0.0025 inch.

With the approach to summer the curve of temperature in-
creases in amplitude more rapidly than the pressure curve,
and the phase of maximum and of minimum in July and August
is about three or four hours earlier, 4 a. m. for tempera-
ture and T a. m. for pressure, or 3:30 p. m. for temperature
and 7:30 p. m. for pressure. The semidiurnal temperature
waves are, however, smaller than would be expected and pos-
sibly I have not obtained exactly the correct temperature
curves to resolve into components in these two months. We
have an approximate relation, :
—12°0 47 « 4 0.017 4B, or — 1° F o« + 0.0014 inch.

It follows that in summer the influence of one degree of tem-
perature to change the pressure is about one-half as much as
it is in the winter. This implies a series of complex functions
which it is not possible to discuss in this place.

Semidiurnal wave.—The most important fact brought out by
this computation is that a true semidiurnal wave of tempera-
ture is developed in the lower strata whose phase for the maxi-
mum ordinate persists steadily throughout the year at 8 a. m.
and 8 p. m., with the minimum at 2 a. m. and 2 p. m., except
that in summer the minimum occurs about one hour earlier.
Generally the temperature maxima precede the pressure maxi-
ma by about two hours, implying that the semidiurnal pres-
sure wave follows the temperature wave at an interval of two
hours throughout the year. In winter the amplitudes have
nearly the following relation,

— 38° 4T « +4-0.018 4B, or — 1° F o« + 0.0030 inch,
while in summer the relation is follows,
—2° T« 4 0.015 48, or — 1° F « <+ 0.0075 inch.

Hence, the temperature wave in summer is two and one-half
times as effective in producing the pressure wave as it is in
the winter. In considering the dynamic relations of these
waves, it is necessary to bear in mind that the entire system
is moving from east to west in the atmosphere, or from right
to left in the diagram, and the relative position in the semi-
diurnal, as in the diurnal waves, is that the temperature waves
precede the pressure waves. If a physical process is con-
cerned, as the vertical movement of convectional currents with
expanding heads, or the downward flow of cool air along the
gides of the warm diurnal cone, then this time-lag of two
hours represents the interval connecting the temperature cause
with the pressure effect. It is, however, quite clear that the
diurnal pressure waves have their origin in a temperature
wave, rather than in a forced dynamic wave as suggested by
Lord Kelvin.

Tridiurnal wave.—We shall divide the year into two portions
for discussing the tridiurnal wave: first, October to March,
and, second, April to September. In the winter period it is
seen that a fair agreement exists in the phases of the maxima
of the temperature and the pressure waves, and that, with the
system of coordinates here employed, they are in approxi-
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mately direct synchronism. In the summer months, on the
other hand, although the correspondence between the two
sets of curves is much less satisfactory, there is suggested a
synchronism of the inverse type, such that the phases of the
temperature and pressure are opposite to one another. It will
hardly be safe to lay down more definite conclusions regarding
these tridiurnal curves, because we should not only require to
have for discussion very perfect original curves in the atmos-
phere, but also it would be necessary to integrate throughout
the entire range in altitude—that is, through the strata of the
atmosphere affected by the diurnal disturbance—instead of
limiting our summation to three selected curves.

A further discussion of these curves in connection with the
vapor temsion, the electric potential gradient, the coeflicient
of dissipation, and the phenomena of atmospheric electricity
generally will be found in the next paper of this series, while
their relations to the diurnal variation of the earth’s magnetic
field will be taken up in a still later paper.
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